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Figure 26.10 (top)
Radiant Daisy choreographic drawing.
Figure 26.11 (bottom)
Radiant Daisy sample activated.
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 On actuation, the fabric coils 
around the central point of interaction 
between the front and back bed 
stitches, producing a series of 12 cm 
spiral peaks on the surface of the fabric. 
This exploits the opposing directionality 
within the fabric structure. In addition, 
the edges of the fabric composed 
of 1 × 1 rib also transform into an 
undulating surface. Here, the impact of 
the deformation in one area transforms 
the entire surface due to the continuous 
nature of the material.
 In order to design shape-
changing fabrics, the constituent 
materials require the ability to sense 
and respond to environmental stimuli. 
In these prototypes, actuation occurs 
in response to moisture. In nature, 
hygromorphic behavior can be observed 
in seed distribution systems including 
those of pine cones3 and wheat awns.4 
As a stimulus, moisture is particularly 
suited to natural fibers, which exhibit 
exceptional absorption properties. As 
water is absorbed into an individual 
fiber, there is little change in the fiber 
length, but the transverse swelling is 
extensive (up to 45% in linen).5 
 For shape change to impact 
at the scale of the knitted fabric, the 
anisotropic swelling caused by moisture 
absorption at the level of the fiber 
must be translated into an actuation 
motion. This is achieved using twist, 
the underlying mechanism that holds 
fibers together within a yarn.2 Twist can 
be introduced in two directions, either 
clockwise (z-twist) or counterclockwise 
(s-twist), and the level of twist can also 
vary. In order to generate programmed 
shape change behavior, the twist 
direction introduced during the yarn-
spinning process is modified through 
the configuration of knitted stitches 
within an individual fabric. 
 Meander demonstrates an 
alternative iteration of programmable 
knitting. This prototype explores the 
properties of two natural fibers, linen 
and silk. The fabric is constructed 
to a variable width along its length, 
increasing and decreasing the number 
of needles in action as it is knitted. The 
knit structure is highly complex, using 
Programmable knitting presents a new 
class of behaving textiles, responsive to 
environmental stimuli, and programmed 
to change in shape as moisture levels 
increase. It is a hierarchical system that 
exploits the inherent functionality of 
textile fibers, yarns, and knitted fabric 
structures to integrate shape change 
behavior into the intrinsic structure of 
the material. This project documents a 
collection of three prototypes, Shear, 
Meander, and Skew, each composed 
of 100% natural fibers that have been 
engineered to produce reversible, 2D to 
3D actuation.
 Programmable knitting 
was developed using a biomimicry 
methodology. Insight derived from the 
structural organization of plant materials 
used for hygromorphic actuation 
produced transferable principles for 
application to responsive textiles. 
Biological material is structured across 
many hierarchical levels; this occurs 
because natural organisms grow 
material and structure simultaneously.1 
The hierarchies of cellulose, cell walls, 
cells, and tissue that exist within plant 
materials provide a model from which to 
reevaluate the hierarchies of fiber, yarn, 
knit stitch, and knit structure inherent 
to a knitted fabric.2 The principles for 
programmable knitting have been 
established through analysis of how 
these hierarchies interact.
 Each of the prototypes Shear, 
Meander, and Skew illustrates particular 
characteristics of programmable 
knitting. These prototypes demonstrate 
the underlying 2D to 3D actuation, 
as well as the outcomes of complex 
interactions between specific yarns  
and knit structures.
 Shear is constructed from 100% 
linen. It is composed of a balanced 1 
× 1 rib edging, with active material 
configured as three sets of front bed (FB) 
and back bed (BB) stitches across the 
fabric width (30 × 30, 40 × 40, 50 × 
50). The stitches are transferred to the 
opposing needle bed after 60 courses. 
The structure continues for a further 60 
courses before repeating the 1 × 1  
rib edging.
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Figure 27.1 (top left)
Shear, before actuation.
Figure 27.2 (top right) 
Shear after actuation, demonstrating 
programmed shape change behavior. 
Figure 27.3 (middle left) 
Meander, before actuation. Strips of 
linen and silk combine with alternating 
structure and shape.
Figure 27.4 (middle right)
Meander, after actuation. Detail 
illustrating where structure and  
yarn interact to enhance or prevent 
shape change.
Figure 27.5 (bottom left) 
Skew.
Figure 27.6 (bottom right)
Skew. Detail of 3D profile after 
actuation, illustrating scale and 
direction of programmed shape 
change.
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Figure 27.7
Programmable knitting, detail of 
environmentally responsive shape 
change behavior.
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a links/links configuration of opposing 
front bed and back bed stitches. This 
creates alternative shape change 
behaviors in the actuated material. 
The regularity of the spiral peaks and 
undulating edges observed in Shear 
are transformed into a rippling surface 
in Meander. These behaviors are 
enhanced where the width is reduced 
and diminished where opposing 
directionality in both structure and 
materials interact.
 Shear and Meander are small, 
machine-knitted prototypes. However, 
to increase the scale and complexity 
achievable with programmable knitting, 
Skew is programmed and manufactured 
using CNC knitting machines. The shape 
change behavior generated in the fabric 
on actuation is a series of spiral peaks 
increasing in size from 1 cm to 7 cm. 
These peaks form across the fabric, and 
when the fabric is hanging the peaks 
form in two directions. This alters the 
geometries considerably. The fabric 
structure is composed of repeating 
sections of FB and BB stitches (5 × 5,  
10 × 10, 25 × 25, and 50 × 50), and 
scale is critical to how the responsive 
behavior operates. When the scale of 
pattern across the fabric is changed, the 
pace of actuation varies, increasing from 
3 seconds (10 × 10 stitch repeat) to 10 
seconds (50 × 50 stitch repeat). This 
produces a heightened sense of motion, 
moving across the surface as the  
fabric transforms.
 Programmable knitting presents 
a departure from a representation of 
hygromorphic behavior as a bilayer 
system. This is achieved by applying 
a knit logic and introducing twist 
as a key actuation mechanism to 
enable shape change. By adapting 
the inherent hierarchies of a textile 
material using biomimicry principles, 
this work situates knitted fabric as a 
dynamic material interface directly 
responsive to environmental stimuli. 
The new behaviors observed using 
programmable knitting extend the 
geometries achievable with conventional 
knitting, whilst producing reversible 
and repeatable actuation from textiles 
composed of 100% natural fibers.
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